The monostatic VV and HH-polarized radar signatures of several targets and trees have been measured at foliage penetration frequencies (VHF/UHF) by using 1/35th scale models and an indoor radar range operating at X-band. 
INTRODUCTION
For the past twenty years, Expert Radar Signature Solutions (ERADS) under funding from the National Ground Intelligence Center (NGIC) aspect swaths) to achieve 1 sq. meter resolution cells. In addition to forest canopy penetration, operation at low frequencies also reduces radar backscatter from small branches and rough terrain. However, image resolution is still very low (< 50 resolution cells on target) and tree trunks still remain as large scatterers. As a result, many foliage penetration programs are concentrating on studying backscattering characteristics of the trees themselves.
In response to the growing interest in the problem of detecting and identifying targets under trees, STL has initiated a scale modeling program aimed at gathering radar scattering characteristics of targets in forested areas. STL has developed4, with NGIC and AFRL (Hanscom AFB, MA) funding, a capability for measuring target signatures at VHF/UHF frequencies using an 8.2-12. 4 GHz radar system 
MEASUREMENT SYSTEM AND SCALE MODELS
The measurement system used to acquire the target's radar signatures consisted of a microwave transceiver, target/calibration positioning stage, and a data acquisition and processing computer. The scale model radar range is shown in Figure 1 . The transceiver was based on a Hewlett-Packard microwave network analyzer. The system consisted of a HP8341B microwave source, HP8516A S-parameter test set, and a HP85 lOB network analyzer. Though the system was not intended for use as a radar transceiver (no pulsing capability, modest dynamic range, etc.) it was sufficient for measuring the radar cross sections of 1/35th scale models. (Figure 2 ) consisted of an Ml tank, an M-47 tank, a rectangular block machined to approximatly the same size as a scale model tank (2.25"x4"x8"), and a tank decoy. The tree targets consisted of a simple tree trunk, a 6-branch tree, and a 120-branch tree. The Ml was coated with 4000 A of copper and the M-47 was coated with 2000 A of aluminum. Assuming that the metal film resistivities were no more than lOx higher than their bulk values, the X-band reflectivities were 99% and respectively. A full-scale tank decoy was assumed to be approximately the same size as a tank and built from 2 x 4 lumber and metallic wire mesh. A scale model was constructed using balsa wood to simulate the dielectric behavior of construction lumber and a metal mesh of the appropriate aperture size. Measurements were acquired for each target on a ground plane with and without an arrangement of 8 120-branch trees. Figure 3 shows the Ml tank located in an array of 8 trees on the dielectric ground plane. The two simpler trees (tree trunk and 6-branch tree) were measured individually without other targets present. All measurements were acquired over a 360° azimuth spin and at 45° elevation. The dielectric properties of live tree wood and moist soil were properly scaled to X-band. Dielectric scaling5'6 requires that the complex dielectric constant of tree wood and moist soil at VHF/UHF frequencies match the scale model materials at X-band. An aluminum-loaded epoxy (E 69 + i 10 at 10 GHz) was used to simulate the properties of live wood and a graphite-loaded polyurethane resin (€ 14 + i 1.4 at 10 GHz) was used to model soil. Excellent agreement was observed between the X-band data and the GTD prediction. Figure 4 shows the data and the GTD prediction at 8.2 and 12.4 GHz. As a second validation test of the data, RCS measurements were acquired on a metallic scale model of a target know as Slicy ( Figure 5 ) that is comprised of a variety of simple shapes such as dihedrals, trihedrals, and cylinders. A method of moments electromagnetics prediction code (Carlos) was used to predict the X-band RCS of the target for comparison with laboratory measurements. The Slicy was mounted on a low-RCS pylon at 15° elevation and its X-band RCS was measured over a 3600 azimuth sweep. VV and HH-polarized RCS data are shown in Figure 6 below.
Excellent agreement was observed between data and the method of moments prediction for both VV and HH polarizations. 
IMAGE PROCESSING
This section describes the synthetic aperture processing technique used to form two-dimensional images of objects measured in the FOPEN radar range. In general, radar imaging systems collect coherent reflectivity data G (O,f) from a target as a function of frequency over bandwidth and target rotation angle M. Fourier transforms can then be applied to the data to obtain the target's reflectivity density function, g(x,y). The distribution of scatterers in the range aspect (degrees) aspect (degrees) Figure 6 . VV and HH 10 GHz RCS of Slicy. The data have been adjusted to represent VHF/UHF data assuming the model in Fig. 5 Inserting the expressions for the x and y scatterers (x = r cosi and y = r sinxjJ) gives:
When image processing is confined to small angular swaths, Eq. (3) can be simplified to: (7) can no longer be written as the product of two functions (one for 0 and one for f) as was possible in Eq. (5), and therefore effective windowing functions to minimize sidelobes are more difficult to apply to f and 8 independently. In addition, due to the fact that G(8,f) data exists on a polar raster, the fast-Fourier transform, which assumes uniformly-spaced arrays, can no longer be used. MHz full-scale). Acquiring data over a wide range of frequencies at each azimuth angle allows for calculation of a frequency-averaged radar cross section. Table T is a summary of all data acquired. The data are expressed as the total radar cross section (TRCS) which is defined here as the median of the frequency averaged data. A number of interesting features can be observed from the tabulated data. First, notice that the decoy's TRCS is within dB of both the M-47's and the Ml's cross section indicating that the shape and materials of the decoy were properly chosen. Secondly, the 6-branch tree had a TRCS that was only slightly greater than the tree trunk data. The fact that the VV increase (2.6 dB) was more pronounced than HH (0.2 dB) was probably due to the fact that the majority of the scatterers on the 6-branch tree are predominately vertically oriented. In addition, the TRSC of the 120-branch tree increased only slightly over the 6-branch tree indicating that the majority of the tree scattering originated from the relatively few large branches and trunk. This result gives some indication that small and medium sized branches do not contribute significantly to the 234- 354 MHz cross section of a tree. It is interesting to note that a tree trunk has a TRCS that is as high as a tank at these frequencies. Figure 7 where the TRCS of the Ml tank is plotted as a function of azimuth angle. The signature was impacted the most at the cardinal angles, however, the median cross section does not significantly increase when placed on the ground plane. The impact of the trees on the signature of the Ml tank is shown in Figure 8 below and mid-sized branches on the radar cross section of a tree has been studied. TSAR imagery has been generated of targets located in forested areas. The VV signature of a target appears to be influenced more by the trees than the HH signature.
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